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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a semiconductor device that 
includes an insulated-gate-type transistor operating of low power 
consumption and high speed, and to provide a method for manufacturing the 
semiconductor device. 

SOLUTION: Source and drain regions 9 are selectively formed in the 
surface of the transistor formation region of an Si substrate 1, a lamination 
gate insulating film 25 is formed on the channel region between the source 
and drain regions 9 and 9 in the Si substrate 1, and a gate electrode 3 is 
formed on the lamination gate insulating film 25. The lamination gate 
insulating film 25 is formed by the three-layer structure of HfSi02, HfO, and 
HfSi02 films 21 , 22, and 23, where each has higher dielectric constant than 
that of Si02. In the HfSi02 film 21, reactivity on an interface with the Si 
substrate 1 is low, as compared with that of the Hf02 film 22. In the HfSi02 
film 23, the reactivity on the interface with the gate electrode 3 (polysilicon 
layer 4) is low, as compared with that of the Hf02 film 22. 
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J S i mm 1 CD f- 7 * JfcJSfSSig©* 
fflrt CcaBRKJK: 2 v - x • F W 0 3 
n. S (CfettiV-* • Fl"f>W*9, 9IBI 

ti. mm*- v mm 2 5 ±tc v- v nm 3 n 
4. say- hj&s*BS2 sijs^tfs io.cfcofcisc* 

SHI***r*-SHf S iO,«2 1. HfO«2 2&tf 
HfSiO,H2 3©3«*2rM3n > HfSiO, 
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. Hf S iO,IB2 3ttH f 0,822*0 
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1 

«b© h ssstf^sttMSsraoT. 
sou, itrte-y-ns6JSKT©i9iB^»;3>««(D»oa 
y-ns*±. 

BSKi/ y 3 >S«©fUHl*9 £8533* + *;Witt*!*A/C 

BHiajJHSPttHSse^^aKcit^Binay- ussiest 

1 ~»3 ©»&1Iftt6»H*W U MR* 1 

HR3eam«tfttitiii** i ~i&3 ©jrcsuisti, 
ifffiTJaawiwrias 1 ©?ssN5f*«««*t5#. gas* 

sifBa^iscx*2©F7>^*«*n-?'^Mffiy 

wia* i © h zomzy- nmsKommim 
seat 2 © f- ? > s>x *©griay- H6tus©i»* «t « 

[i9*#4) ii^3iBi8©^a«*SHr*^r. 
Miasioh^^^x^Biriay-MSSMtt. *&if@ 

<h&**Ji".; a>BtftJ«J: ») *.S!«$*iS5U» 1 -353 

3 ommwemmomemm s *t. 

mftam 1 ©y- h*fti»«©B(fieTSSP»B5s3»l«JBSSCJf 

ffisais i ©KSfSto»sfi*s<&. wfass i ©y- f- « 
ffirtesB i ©y- h«i*js©i?j§B±jgaiittOTga# 3 ©iss* 

853a^2©h5>i?^»©l9iBy-Hte»«tt. #«#s 
~> y n^BlffcglJ: y fcgt*$5#i«t,>3S4-~# 9 ©jSSt« 

ma»2©y- h««K©iiiaT»aj«iriB»4©]«si 
*<**fc»si*£*. me* 2 ©y- h tmmomMtp* 



(2) #PS200 2- 1 34 739 

2 

»UittB£5©fimtttM&t*fittd*. wew2©y- 

h «atsj»©grrsa±iBSK»mrsa^ e ©XBttttntt is* a 

[fi|sRJJ!5] IUJR«4ga*S©^i»<*^!lT*or. 
ffiia* l so» 4 ©iflMftttlllluRl-tm-c&tt 3 
ft. 

1*136* 2 5 ©Wa*{**a«IB«*R-«f4-C^R)t 3 

ft. 

10 ft*. 

t§8#JS6 ] t>V ai/«««cft0i4*ft*«»y~ h 

•r s ^ * » . mzf- b ««)KT©f?s ^ y a 
cwWffiy-h»it^±K#y^y3>>!i»6&*y- 1- 

Fu-r>fK«. »8ey-M6«Kajy»Ey-h««jtc 
wsay- hfetwsu. ^ y a >tmm* o *>iia** s ifis 

firgaTaaJBWiai'^sptcifc'sirsaf y a >stR£©fei 
mnaiaauttUffi^Aapfc^itrgey- h 

30 tt**fit,»Ct€:1$«i-r4. *i»^a©«)SA-K£. 
[BHOR 7 ] IS*^ 6 IB«E©#i!li*K»©*{jS^-C 

itrsay- h ^y a >gtftB «fc «3 *>B!«*^7a 

l»0 1 -0 3 ©B5l*(«a»IH=feW U. 

ft§aTJBap«ffiia$ 1 <ommmmmmi^ 
msE±mmmMn 3 ©ftM<*ttiu8*3*. 

wfia^r^y(a)li. 

Ca-i)«5ffi^ y a >S«±tCfne» 1 0«R«(MUiM 
40 ^SStSXf^i, 

Ca-2)WI3» 1 ©Hi^«*lfi«K±«:fIia0 2 ©iSsTfS 

<«e»fii%^«rr ^ ^ ^ v y £ . 

(a-3)Bir8B0 2 ©lSi^«<*ite»R±(Cfl«iem 3 ©flf^« 

f«a«s«*jgjs-r s ^ f v y*^«? . **#*gK©w)i 

umz o>i&nmmc musts tizm 1 2 © h 7 >^ 
50 niiia»ia^i»2©h7>^X'S'{±-eti-e 
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3 

ftflriBy- mum. i^iay- f tmRvmssm 1 so* 

?B2©y-*- FW^SB^WU 

fjtam 1 © f 5 *©Baiay- f tmmvmmzm 
te» 2 © f =7 > s? * »<o«iiey- f ««*«©«» j: o j? 

t»*J19] i»*:B8gaiS©¥«{*^©J^78rC 

ffirsen i © f ? >y* *©iirffiy- f *ass 

«t is y a >»ft)BlJ: 9 fcB*S#i*i»JII 1 ~»3 ©»§& 

Steam i ©y- h««is®f5seT)iSP«B5gaite»Kso' 
mriam i ©ttR*{tttita«d*. mag i ©y- hie 
mm<omu^mt mm 2 ©ifiss«#*&#K£ . 
tmm 1 ©y- himm®wnsi±mmmsBSi3<o&9 

Sgses2 <oh5>i>z. *<offiay- f juntos' y =» > 

ttameir 5 ©«ie fB#*fe»K££*, Wiaai2 ©y- 
hmmo)im±mmmmts e ©*m*iaiui«s 

*, 

(a-l)Bi»a» 1 ©XmttlfUilCttatMttBaTS * ? •> 

y&v 

ca-2)frsea&SBLhfCB5S2® 1 ©*ii«<tttiin« mm 

(a-3)fl82BSI 1 ©i«^f^i*B±K:iria»2©;S8t* 

(a-5)8«Bm 2 ©JBfiSISWLbtCSiriBSfl 4 ©ftftttttttti 
(a-6)B05eS4 ©B§S«ttJ&$Sfi±CC flifiBIg 5 ©SSI* 
(a- 7)1512^5 ©i^*me*IB±K:|ffiEa!6©iSg!* 

m 

1 0 ] i»*J19 iB*t©¥*f*&S©»j6;&i£ 

mar i Rum 4 ©iSKSi*»»Bi«ig-»«-c^s 

ft. 
ft. 

ffiflB^ r 5- ^(3-2)35^ (a- sto^K IUt 3 ft. 

UIB*^ » ^Ca-3)RU f (a-6)WPJI^fC||tTSn. 



(3) «fP§2 0 0 2- 1 3 4 73 9 

4 

W&Zf-y^Cii-VR&iii-yy&mmicmiZKZ. 
[0001] 

Rv*<DW&nmK.wrz <>©r*»> . »kmo s f 
«©«jt«:iM-r*. 

[0002] 

io m*a>vffi] <mos F-5>y**t*ii>a3owfie 
*©mos h5>i>x3^flHt£^-riftflSBrca*. 

■(OR? J: 5 K. S i St* 1 ©3R*#*BKt& 15.1 
5rt©F7>^X#J&aM*i!lK:MOS F7>i?**jW 

»>j£*ft*. 

[000 3]Tm. S iStRl©h5>^*JI5bJ{ 
®«<D«ffirtKj^RWK:20©V-^ • KU-f>«JlS9 
#JKfiX3ft. S i 1 CCfcttS y-* • F H >«fiit)i 
9. 9M©? + *.MrahCcy~FlfttMH*%JR3 

ft. y-htt»j92±icy-h*«3*«3*i. y- 

20 FJBffi3©fflJffitt-!M *1 6*9&fiS3*iS. 

[000 4] y-h«S3»s|<';^';3>IB4i-?-W.h 

L--r>««9^61»-^ Ff*-JH BTtcWOfTx^^ 

±tc«f >;i>-^ Fffi«l 0*i»fiR3tiS. 
[ 0 0 0 5 ] y- h l&SJS 2 «M^fcK4> 1/ < BMit^t 
JSfcL<«*©«JiJS-CflMR3tiTH4. y- F«f63 

t*B 3 o ©wnadEi t r >j< y 5/ y a >jb 4 -c&mz ti 

30 

[0006] <S!Bfi^>«T» S3 0-CSLJkfllBO 
MO S F 9 ^©«jt^J&UiWri. 
[0 007 ] *r. S i »Sl %3R-7-^-l«l«fk^ 1 5tC 

j:^ f \s>ttm^3&fMmi£vfmrz. *© 

«. SiS«l ©^®*f»B!<t Ly— F *6^M 2 *}f5Ji£ 
3 6»Ky-F»»IS2±K:iJ<yjxy3>e4«r|j!{ 

[0008]*l/t. #9i";3>14llCA.- Fv* 

3titeWt« <->>-Fvx*) 4vafiLt:*y^y 
[ooog] -toft y-FJjnxshfc?i*yi/y3>« 

4?rV^i;iUT^«i«J^^>aA»a«:tT-5-C. W 
(***?^>a>ffii«8Rtfy-* • FU 

-r>««9) *^fiKL/?tufc«i. y-F/jnx3tifc>j<y 

i"J 3>S4©»lffitC-9--f KO*-JH 6*»qSr4. 
C©B. * Y F 9 * - *1 8 TO^mMeiMM«<x ? 
50 ^f-^s-'a^iSSifti. 
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(4) 

5 

( o o i o ] y- hfloi s *vfc#yi' ■;=>:/« 

4BLtftM F9*-*l tisX^WfrJ*'-' 

CO 0 1 13 *©&. K^f"C»4BMt«OX9 
=F> y*tf \.\ y- F Jill 3 ftfc* y 2^ 'J 3 >JB 4 ©± 

[0012] y-Ftoisnfctfus'y^ii 
vul. **i*n*";iM f»i i jKK/yir-r F 

Mil OaWftdteft*. 5fe5Jfc©;<*A-*** 
(00133 ±itbfcUl*IIT. ®3 OtSibfcMO 

<fc «3 . mo s f 7 >y* * z$ts¥mw&s#%f&t 
s. 

[00 143 

[00153 -r«c*>%. mos h 7 >y 
t*$g»©®rBe«2j{t • MMt**iw*fc*fcH:. n 

«*ffi*Ttf 3 0 . ft 

*t*£K. M0SF7>t?xa»(C*Jt,»tS i O, («rW 
Wilfc) y- F««S&©*l8{t«: J: ^T^SIT* 

[0 0 1 6 3 133 1 (2133 Or^LAiMOS Jf 

9 (j/yiM FflW«i o) v-^STM 2 

*WfT. flfc&CCFU-OiSFF- 1 3*Kt*. y-F«« 
3 ±tcy- FiSFf 1 4 «B*. S i Sffi 1 CcatKVttM 

i 7 e«crc»£. *t/-c. y-^«Ffi2. y-F 

«Kf- 1 4Scm«K(fij!H L l 7©«<4*0 V. FU-f> 

isa-T- 1 3 ©s(4* i . svccasLTi,^. 
[00 1 73 L./PL. s i o,^-hmmm^mmitL 

X3nmiHT<OSmicfit. 133 l(C*-*M:9<c. V 

na« i 2 ittwurnw u< o . * 

«c J: S h -5 >^ * *©ttfifef6l±£EI* C i 0»r t fc<,». 

[00183 c©j: ^>tc. (samw^tR^wawf** 

0£MOS F-5>y^>©y- F*&KI8£l/TS i O, 

tmtmtmnicmi'Xii*). -tn^rrK-riy-F 



<8M 2002-134739 
6 

O, . Z r O, & i'cr>, S i O, <fc 0 

SKSratttW* 5 . MOS h7>S>X*>>M¥9&:fc*i* 

s i8«£©Jgi£&fci£t>£toe£T , ws8i3tt-cc,» 

4. 

[00 1 93 l/frl/tt**. ±aSL.?c!SSS^»*tW*y 

-Fie»«Kffli>-c*>. y-hWMfmmoKfi^u 
m&t<Di&«:MtMz&f&rzctififte>tix^z. s 

iS«£©MKJBl«S*iaWfc«tt. ffl 
l>T:**ac* + 9 >>\ifi& 6tl?ty- F + 
*«»©95»|S*«;J>3-l*rt,*5. Si*«i 

©wasittc «fc o-cf#e.nfc»(-fttttt¥«T > «* < 

-lcM3htl>4fc*. y- F«6S«TfcJf5BJi3*i& 
s i WS&vd?- -r **•*©*+ y rro&ib&tfa'J^-c 

[002 03 cv^&tmaiii&.zmvk-rztctbictj: 
2tiiLb<ox. fiHiwmftr*»oiw»c»fp-r*w»y 

[00213 

CPIH*»9i-rSfca«)©*a3 c©»Wtc«6S8»*JH I 
iEtt©^NH*£g». ^ y a >«Bcff0 i£*n**ft«* 
y- F32©h , 7>^^i' i S:^t?*****?S-C*-5-C. h? 
IB F 9 > * X * ». WEJ/ y 3 >«R±.«:«R»K»liR 

sn?ty- FiaiftRsfli*. mrisy- fi6*rjst©w/3£ 
^y3>a«©*aa* J *i'*-»i'®«ib" c *^3n. b« 
ley- f *6iayi±{c«fiRs titc* u s/ a 2. y 

- h me t . 85125^ 'J 3 >Sfi©^ffif*9*C B«S2^ * * a- 
1 RC«*2©V-* • f u ^ 
e«c«*. wrtay- htUMtt. i/y =i> 

XSNcit-^-ffiiZis V 3>S^i©StEt4* i <S< . roiBJ: 

BSBiJfirgBtp^aiJtctt^iay-Fmei©^^* 4 © 

[ 0 0 2 2 3 i9*JS 2 ©IfeHStt. 18*^ 1 3B»© 

^aa^a-cifcoT. ray- h»»h«. s^*^y 
n^grtbJBiJ: o *>is*$a j fct>*& i ~^3 ©i«aa(*i6 

I/. ffirtB^ 1 3 ©SiifSB(**8S&tt3S 1 ~ 
^ 3 ©WC8MS 3 n . B»a2TIBBM*B?ia* 1 ©«i«a^ 

*6»is«:^*. «n2**s?ttWie*2©i«ii*««M*e 

Mffl±»SP»f3sBm 3 ©WSI«#tt«IS«: S 

tt. 

[ 0 0 2 3 3 Sfc. ta#JS3©#feH8». SIsRJfi 1 3B«© 
*eii*«g-Ci6 o t . SHE F 9 > ^ * 1 RCSH 2 
CDF^>i?X4»!fe^*. wfiBmiR^*82©h^>^^ 

>«-tn-en«riBy- h»»w. «Ey-F«ii&o f «f 
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[0 02 41 Sfc. S«*S4©^«. fera3§a«© 
TOOTED* 1 ~JS 3 ©fffeKtttiikflU . ffisa 

n. swam i ©y- h«»j@©irffiT»8i5«i?ia»tiK 
atx^efricKSimwsieaw*^*. frta* i ©y- 

Arses* i ©y- h»a»)S©ftna±B8U««ii8a^3© 

&£t«i*!l&8tt*:S*, |5IB»2©h^>^f©«Iia 
«1^4~»6©BK«{*»»«*WL/. WEJM-J* 

6 (Di&mKmimmtm a e ©ureas <* n. tra 

&2©y- h Hft»«©6IIS2TS8B5JWem 4 ©*w*f* 
*6»J»4S<*. «r83»2©y-FJ6«*©W8B*Aa5tt 

w5!ar5©asi«ft«««*d*, «rsB3*2©y-bte 
**iK©iiriajJBa5ttiuS2Si e ©ss**{*»»K*3tj „ 

[0 0 2 5 ] »^5©»M». iS*«4ga48© 

*«»«a-c*-5r. i«Bmiaiy c »4©»iU6i*te» 
jKteR-tm-cj&ssn. fljia*2Ra f *5©S58!«tt 
tmmm-ttn?&f£s n. ui3»3R^6©js» 

[0026] C©$SWK{**iS#^6SBi£©¥i*#«S 

*att-**y?y*«*. tdi3y-vttj««T©fri2i/ 

'J a^SfioSKii^ t*JKS«t l-C*S5n. (b) 
F 1/ Y^lWtJWfr 3 fc***- wis 

an»tf»2©v-* ■ FH>iWL wey-HM* 
«sot5iay- teste* o-cflNBf- 

3ft. IsfSBy- MttMRX. •> 'J solMUW: o 

TlMW»e<rO, HfiTBWHWafWPKik^ttE^ 
y =« >SS t ©SiBtt* 1 © < . UIB±BgP»iifa**SI5 

tctt/xflway- v*ffii©jgj£tt3!«s<.>. 

[0 02 7] *fc. l9*ffl7©»Wtt. i»*JB6IB«© 

us >8Htflu o *> m*#*i>ft i ~* 3 ©&is s 

fflM*fefc*t/. mfBTSaKiS?fB3l 1 ©«&«*«&» 

frie*jfeffl5«iriB»2©ws5«t«e»K«:^ 

j. y (a)«. (a-DBiTIBV 'J 3>H«±K|Jie» 1 

©i«R«tf«te»R*»fiJrr * * *■ v ft . (a-2)ff aa» 



1$|g2 00 2- 1 34 73 9 
8 

1 ©aMfttMUR±KMK* 2 ©BtSS<tt6tSES*^ 
P^i. (a-3)flBB»2©?fliK«»*fi**K± 

(CUB* 3 <m$&&m&mKti& zzr>*f*i% 

tr. 

[0 02 8] 89**8©»W». **a8 BIIOJ 
^(^S©«a^?*-C*o-C. WiBf-5>^**tt. 

fnav' g a >s«tc*5wss i row 2 ©»ss«i««:B 

j5R3tl-5*lS^*2©h?>^^i"£^*. MSffl 

Bdtay- h *sac;«9iaw i 2©v-x • ku-y 

W U WIS* f » y <a)tt. ff§B?& 1 © h 9 > 
i>X *©«ffiBy- H6SK©BJ3*JiS8B3! 2 © b 7 > i> 
* * ©mI8ay- F I6»0S©8»S J: K> < »fiW * * F ? 

[00 29] wmoomiia. m^«8Be4£© 
^i*«a©»jS^^* -^"c. mrsBm i © h =j >y » 
a» ©wiay- hiatunx. immi a ^ 
i ~j&3©«3sm{**&*sffl&±*^. 
itna* i ©y- h wMm>mttmmmimm&m} 
«3ia» i ©w«*f*«6i»K*&*. MSB* i ©y- (- » 
«u«©S5Etf *ap»«Fifl» 2 ©iftsia^t&^si*^* . 

I5SB* l©y— V tt»B©fHa_hSSI5B8usBSB 3 ©JSaS 

ai**esR%^*> naia* 2 © f ^ > * ©wwy- 
e©Ksi**«stsi9*WL. atria*2©y-i-*e*siis« 

frlBTI88B»wiia*4©S5Iimf*ffii»BI*^*. 
2©y- httlS^friB^ASfttSJIElBS©^*^ 
85IB»2©y-Hfi»lgOffiffi±eaWfi5 
tB» 8 ©?S5SI«f«fi)»JII*^. UIB^^ * y Ca)Kt. 
(a-DliriB* 1 ©JgfiS««i±«C*«SI9=&^-r -7" ? 

yt. ca-2)miBia»ii±R:85iB^i©«^«^*6iai® 
*3£fiS-r * ^ f ft . (a^3)i«ga* i ©issm^te** 

tt±CCfrtB* 2 ©lS»«*W6»K*fl5lST SXf-v "/ 
<fc. (a-4)g5IB*2©«iil**«e«ia±tCB9tBJS3©i9i 
SI«i*«i»lS4^fiW (a-5)B3IB3fr 2 © 

j&dcffi«±«t sjaa^ 4 ©»B§*(*»»B4 « eR-r ^ « 

^ y t . <a-6)i«fB*4©iS^*(W68tt-hKi&32S& 5 
©iSSI«ft<&»J9«:^^ ? v y (a-7)'B?IB* 
5 ©i«iiS*<tt^»±Kffrga* 6 ©i«i8ISft»#iiS'S: » 

sirrsxf-yyist*. 

[ 0 0 3 0 ] « fc. St** 1 OflWWHK. S«^ifi9ldl8 

©¥«^a©«s^ffi-e*--'^. a9ia^iRo'*i© 

5©«St*(ttt»«»ia-W^-CJgfi£3n. B?86?P3& 
Of*6©«SI«<*«6«JK»|SI-«*4T^Jl£Sn. Msax 
f- „ y(a-2)Stf Ca-5)l*ISII*»c*1f 3 MtB^ ^ ^ y 

[003 1] 

» [ftW©3U6©^ffl] < <fS*S©»« 1 > > 
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(6) 

9 

S?<DiSStSf*Wm S i SfttOMfc, H f 0, KJt^ 
1111*1* J: Dffil^S i i©J5£fcfefctffi< . S i 0,«k 

wisra^a^Hf s i o,mmoi")*<< hM*A- 

(0 0 32] t^u. c©t*jrc5*. y-f- meters 
*ffli,»fct*»mis<t^. s***i§»oy--hsffiK 

«*©?&!>. * * * *©#iitia«4>#«ic o r u * o . 

[0033] y- {-«SR:£S4fflt>fc± 

^t*s&ya**TjBt>6ft4ffii*iiiffitci8tt-*> 

[0 034] HfflmJE©*«14^©t4tfe&£ 

iitu tfy^y3>t©lsW5tf»i£o&tMi£*f# 

±sa^By-b»»K*^KUn*.. Hf o.if 20 
©sassi***** 1 ** u s/ y a > t ©rate, h f o, <ttt 

<*<S i t<DRxettStl£< S i O, <fc"5ttS&®$#Wl<>H 
f S i O t mm<D>sV>r-< HS%3€.{C/ri*f4=Sy 

[003 5 3 <«Kt>a 1 WCO«W<DSIifi©»$S8 1 "C 

***«Mwar-cJB<.»6*i*Mos H5>t>**©«tjt 

*n*-rWWB"C**. |5!0«c*-rJ;5«:. S iStfil© 
Si^tt&ftK 15, 1 5 F*9© h -5 > * JBfiE««K 
MOS 

[0036] ffetofc. S iS«l©F?>^**»fi£ 30 
fBi£©«ffiW JtSKRWK 2o©V-X • Fl"f 9 
awtinz ft. S i 1 JCfcW -5 V - * • F w >«« 
9, 9!WraS***MIS(±fc«»y- Kfe»S2 5 
W«y-h*6»«2 5W:. S***S i o 
,J:')t>ia«.»S8«** : rr*Hf S i O.K2 1. HfO 
Wk2 2RCXH f S i O.IS2 3©3B«tircj|$fifc3ft 

[003 7] Hf S iO,«2 l«HfO,«2 2«fc»Jt 

s i mi 1 t<D^mv<DKsmifii&< > h r s i o t M 

23«Hf O.IS 2 2**) fey- F«© 3 (tfy^ya 4C 
>S4) <t©§|iar©SlEte#<£<,>. 

[ 0 0 3 8 ] «jfy- na*K2 5±jcy- h«as a* 

jRASft. y-h*«3©fflJiEK:-9--f F-5*-JH6*i 

y-hae3«^y^y=f>B4t-5-©ji 

SUtCJi5fi)cSn?t^'J-9--Y KS1 1 V-*- F 

©UBWCCS/'JIM F19W11 O*W0?S*i*. 
[00 3 9] <Slii*jS>ig2'-Hl 8WHl-C?nLfc 

jq6©jb!S 1 ©mo si-7^x *©«jSj(5ras*^rwf 51 
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aa-cas. ht. cn*<DH*#iii/c.. xnkmmi 

l©¥«tt£EtCteW$MOS F7>yxdr©»ji^i* 

[00401 *T. H2KiWJ:5«:. S 

ilMEltiMU tfcic. 03tc^ir«fc5K:. S iS<S 

^HHWcj:**. *?£MMkHl 5. l 5 
oiMteftft-rs. JRWHWHMU 5C*S i * 
« 1 oKmautttf. «*jJWMUi 1 5 t<c s i m 

[oo4i] (i&mmimmvtim) s«e, 04-1*1 

Bftti%l,J:9fc. CVDfctcJrSiWfcyn-fe 
HfSiO,«21. HfO,«22. HfSiO.182 
3ZmXim?Z>Cttci;'>. 3JW«i©IMt»*J&eK 
"T*. Cft6©HWtt. HfSiO,K2 1»0. 3~ 
2nm (3-2 0*vr*H»-A) . HfO,«22t*0. 5 
~3nm. (5— 3 0*J**xm-A) , H f S i 0,IS2 3 
tfO. 3-2nm (3~2 0*>rxm-A) if 
[0 04 2) *?c. H f O.J92 24^fiX-r%*6^. K 

(^7i^A) £2£S fC -en?: 
JB^TKftStfTTH f 0,*JMW*il»5*tt'P** 
t». I^SKH f S i O, 2 1 . 2 3©J^fi!t*«fcR^'|i 
■CH f S i *3UaH/'C*n*0,aift«C>'CBMk3li' 

[0 04 3] 3^(C. «t44>Hf«:|®6r. Zr V 
3i^)A) , La «>L<». cn6©M» 

©«^^t>tt-c t»<t<. ^'J3><fc0tisc »a»a*©M 
3««tjS*^BR-rn«^t.». 

[0044] <y-h«W*»OJIM> I37CC 

■C. jJ«y^ya>JB4©«J»«-«4tT:5 0nm*»^ 
3 0 OnmitS. 

[0045] cct. #115/ ya>JB4©ft^DK>]<y 

*s ') a >yji/^^.-> a fc u < a* y ^ y n >yju-?.- o 
3>tt*6*>t»y>3WF-e>ysti"ci>sF-yh 

?Hy^y=i>-ct>J:ir*l/. -/>F-^#«5/'i3>*« 
NMOS <h*>i?X*»«> «#c5*y> 

sn*^i««a«©-«4 u-c« i x i o"~ i x i o 

[0 04 6 3 -€•©«. H8tcw-rJ:5Cc. #y->y:3> 
|g4J:(C^-F^i'il'^w>S»<t»5%faBU/c 
«. 09tc^-TJ:^CC. BrttH5±{CSJWR6±='- / 
ytfmQt^Mf6. «{tBj5©eH»2 On in 

) *»e.20 0nmi'f4. 
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(00 47] (y-h«ffi) HI OK.**?* 

(C. l/J/^ F 1 8{C-y— hSS©vX2.»'$» — 

WiLtO. 0 5Mtn*>60. S/imi'TS, 
tO 048 J HI 2tcijVrJ: , >tC < WAV'* 

8 aiv^i'lCLT. ys-F^X 
©SOXi^^JffiaSrm^- Fv**;<3»->5 a 

hi 3tc^-r<t^K, 

[0040] (V-* • FW^Mffi. 3.9^>Ua 

©JJgg&K:. ■ Fl"f>fM9. x**f>^ 3 

>«H88<D7C«Cte4^ttiaa««W3 l*:fl$fi)ET*. c 
CDS, NMOS. PMOSff5/affli^5*5-f*>&A* 
\it>t£\.*ffl&k\t? * F \si>* F d2*jvt*-r) tvxir 

«££Ax*;W=F-0. 1 - 1 0 k e Vt? F-XS2 x 
I 0" c in"' ~5 XI 0" cm''il, PMOSKftL 
T4iBF,4j±Ax^^-0. l~10keV, F- 
XSl x 1 0 1 ' cm-'-5 x 1 C'cm-'itS. 
[005 0]S<b«c. HI 4-C«Hij*U&t»#. 

OSlC?tU-C«5}<n>%aAx*;V^-l 0keV~3 
OkeV. F-XS1 x 1 0"cm-'-5x 1 0"cid 
- 1 £U PMOSfc**CTttffi3R*i£Ax*;M*--5 0 
keV~200keV, F-Xiix J0"om '*»?> 
5 x l o"cr'W» F^^^A'fetf 5. &*J. 

„ H^gAtt^- FTfc^FW'&lrt'ftAStta J: 
'jfclO' ft^O* SAH'&ftlWC, ffiA«*ia<fel/ 
fctf^aA**. 

[0051] ai»r. awas^m*. ^mmm&z 

OO'C-l 10 0*C, Kjf{ffl»5 sec^eOsecit 
S. 

[0052] (tf-f F£ * H 1 5 Kmt 

J:^«C. £®Kg{t«3 2 Ufca. H 1 6fCijVr 

i^jc. x»^<»d>*ffi». y-FflaiSftfc* y-> 

ij 3 >JB 4 OflMffilC-y -f F $ * -* 1 6 tztefSLt C 

OH f S i 0,182 1 . H f 0,182 2&tfH f S i O, 
B2 3&WW"?*5"<*->5 a#Bfc*<**i5. 
tt*s. ^bfl!3 20«J?«3 Onm-lOOnmil- 

[005 3] (V-* • FU-f>«»*) HI 7 

outuyxhv^^wt (Hi 7r«uj/^F-7 
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ui;*hv**«H*ttr> . wwm-^saottA 

^m*. NMOS. PMOS-£n-?n©V-* • FW 

>«j«9 tjesR - ^*. tti,>r&»»fem»&A3*ifc* 

««J*f£tt(t3-a-S. CCDB5. 1HF$*-"JH 6 FW 

[0 0 5 4] ^^>?iAWm«NMOSCcML-C«flt 
jRfc&Ax*^*- 1 0~ 1 0 0 keV. F-XSlx 
1 o"cm-^5x 1 0" cm-'rfK*. PMOStcW 
L/-C«BF, i fe?£Ax^;l/^ f -5-5 0keV v F--X 
10 fil X 1 C'cm-'-BX 1 O^cm '-Ctf ^. ttc. 

mim»ms.B o o "ca»6 noo*c, ttmt 1 s c c 

*>&3 0 s e c birZ. 

[0 0 5 5] <i"JlW F) *<D&. HI BtCm-rJ:^ 
(C. aMjPF&i'CD&Bfc&SU FH>« 
1^9 ©JJBSBtC 2^ l> •< Fffi^l 04. y-Fftnxsti 

3>S4<D±SWtc«/U-9-^ FIB 1 1 
f3„ -€-<D*8*. #'J^»J3>»4RCJ t ^»;i^^ FH 1 

ia>6&*y-H8fli3=fcircv aitsi/fcMosh 
20 [005 8] (»Hia«) Hwi/ttt***. ami 

[0 057] C<E> J: 5 tc, HJSO^SS I ©-?■« 

<*8HK:*jtt£M0 S F 5 >i>* iH' J f y =»>* 

tmiUcSWBy- h«»IBI2 5 ifr&fllfiSLTl'S. 
[0058] Hf S iO.JH2 1. 23»HfO,«fc0fe 
S i tCDJKJfcttJWS^fctf). H f S i O.BI2 Si'/- 
h*ffi3 tCDI?!S*-5^«H f S i 0,«2 liS iS 
30 «1 iCDIfiHK*jW*ISiffi5iSKJ:-3-C. BtlP**^«g— 

[0 05 9] y-F«®3. 9M¥- h«5 

8«25. S iSSl .(* + *JH£i3i> -C^ftJESn*'/ 
- F * +^i/^«jg<Dil«^*«il>Sti:"C U * 5 C t tt 
< , S i StS 1 l*3CO^ * * 'J TCD&1M2** 

[0 06 0] tit, HfSiO,«2 1, 2 3BSiO, 
&K>mi6&*> i ll6i>>fcti>s HfSiO,K2 1. 2 3KJ: 

[006 1 ] *<Ote*. 3U6©^« 1 CD^«ft^S». 

»«^6D(B«St>'iSii«lff©l|lg i &H-5)C S. 
[0 062]*fc. HfSiO,B21. HfO,K2 
2. Hf S i O.K2 3tC«fc5aJi»jgtCj;»). i^rj 

3 (4*yS/ya>H4) iCDSr&tt**ife2II (H 10, 
50 S12 2) J:0(S^TIBSI5 (H f S i 0,182 1 ) 
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«3U (Hf Si 0,1823) fcWTaWiy- Hft«IS 
2 5%. 04HH6&a t 0 1 8rwt*ttt««IB»*X 

[0 06 3] 3 y-MHS3iOT#yi"J:3> 
*/c«> US ^fiSSffiiklWe ttaicflJSirr * 

[0 0 6 4] *fc. |SJ0l8i(l*»*f#**£> 
Ytmm2 5 tti' 'J =■ >iMt«{Ctt^T«JP*JI< 

ci^rtifc*. a»y-h»i»fi2 5%^i/fcia» 
h > * jhc <t * y- h - ^*«*w«c «: o . f§«* i 

[0 0 65] <<3li6<O^S82>> 
<8Nft>0 1 9 \XC<Dmi<o3kM<oWMZ-t:3b*W$W 
£$iBrJB<.> 6*1-5 MO S h ! 7l'i?Xi><0l*& : &™'*&ffi 

-,r S i SttU **^#fl*SC ttc J: DSSHEttftM 

[0066]*U, ffi*E«rft««A2tCtt. HIT 
03Ji«jt<D»ay- h*fe»«2 5 

aniW^is^A i tc«4»«ijt©iW9y- nfemi*^ 

[00 6 7] «Jay-b«»ia2 5«SMbfi20, Hf 
SiO,«2 1. Hf O.JR22. HfSiO,«23*> 

[0068] «»©«)*». fcWEEMMO Sh7>^^ 
Ql. <K«1SBM0S h5>2>*i»Q2&tC. BI-Cjp 
L/fc^Ufe©^S8 1 ©MO S I- 5 *©^»JiiPl»-C 

[0 069] <*BS^>SI2 0-02 9 »01 9"C^ 
CfcJSfcOJKB lOMOShv diOSiS^** 

f»wr*<5. «t. cn€>©a*#^L.-c. fits© 
«aBi©Mos h5>y^f©ts^s ; feSiw-j'S. 

[0 0 7 0] H2 0tCm-TJ:9»C. 

SiSKl>&*iBU 02 ltciiVf -*5«c. SiS«l 
%3R-*#»Btfl:Kl 5 h U 

J: o r. 15.15 IffltClSWEft 

mBHU 1 RtfteSEEMlflM!H«A 2 £Jf5fiS-f S. 

[007 1 3 (->'J3>8Mtfi«SfiX) 02 2K7n 

fill 53S*»«S3*iri,»ftt>S ia«l©*fflT**f££ 
««±«CI8J5#2- 1 0nm©S i 0,K2 O^fiRT 

[0 072] -ei/T. 02 3tC^-T«k J 5«:. Xsi/XYM 

itBEiWIsaWsSA 2 B^D"T 5 J: 5 (c;< f - - ^ y L/T U 

i&#t-r*ji&»au i&ms.mimmAzo)s io, 

BI20©*%l»*l', *©». H2 6KjhTJ:5«C. ft 



) ^Pfl 2002-1347 3 9 

14 

®S«lf¥<a«A lJ:£«oTV>fcU$>*l-'>'*->3 4 

[0074] (isss*#ia»J8©«e) 0 2 t> - 

02 8tC^UJ:^K. CVD^tCfcSJi^ci-fe^tcj: 
«3. HfSiO,«21. HfO,«22. H f S i O, 
J®2 3 4lS«aibf^««A 1 RC«WlflEIWMW«A 2 * 

nwc*$i.>-c m<xwm? z c tic**), jbwbwhh 

i*A 1 TI*4JM» (20-23)*. ffiaSEEttfPMisS 
A2r«3»«IJS (2 1-2 3) SrflM-r*. 
LO [0 07 5] ft*$. Hf S iO,SS2 1. Hf 0,182 
2. StfHf S iO,JS2 3©filJf, toflM&fiifc. ft 

[0076] <y- i- *$*#*©*«—> -J im h > * 

LT. 07-01 8-C*L/tHt6©^SSl iPJ«©?'« 
fc*%£T. 02 9K*-T«t5«:. ««E«jfttRJ£A 1 
{CS 10,182 0. HfSiO,JS2 1. Hf 0,182 2 
ftyHfS t0 1 K2 336»6ftS4«©ai)iy-h»« 
IB2 6%WT-&»*EIBMOS h7>W*Q 1 fcTc/fc 
U «SE!ttftfiB#iA2CCHf S i 0,182 1. HfO, 
20 012 f S i 0,&2 3*>6ft*3»©»»y- 

i-tmmz 5=&wT*eaEfflMos h?>«fQz 
[0077] (fsmsm) icxmt. ■*bftw»«*. ®ra 

IMtll. ii«©MOS h^>i>><f 4^t?*« 

[007 8] <S»*>C©J:^{C. HIS(OJg!»2© i H!» 
i*KH{c*jtti]K*ffi«lfP««A 1 CC»)S*ti 
flIMOS h^>i?^*Qi«. #»JS/«/3>*1M»tt* 

& u*y- h**3 i«si**©*e*iK2 1 - 2 3 <t s 

30 iO l S2 0i%»lSB«i^aiBy-l"»6*»®[ :i6 

i*>?)fltJiSL-c^5. -rftt>%. s i o,ig2 oaccn 

f S i 0,182 1 *T»ai. Hf 0,HSI2 2£**SI5. H 
f S i O.JB2 3*±»SU4 L/ca»y- hte«l82 6 
«4MI/Ct»«. 

[0079]-*. <BiflHE«)fPffill8A 2 tc^fiES n*<S 
ItSfflMOS h7^*Q2it 0 1 -CmLfcmi&O 
J&SBl©MOS #'J^'Ja>*«l 

B£t*«i ufcy- h««3 «bsis«f*©*e«*K2 1 - 2 

3 *«fi£S$* UfcSJiy- h«W8fil2 5 tfrrMb 

40 

[0 0 8 0] bfc^-p-C. ft!IS8MOSh7>^f 
Q2«C*U»-Ctt. H*fi©»SSil©MOS h7>^$ 4 
IH«ft«l*'£*T-5/c«t>. ffi*BET^*>«i^iSffi^^ 
MO S h =>yV X* t. UT«)f¥3ti-i C 6. 

[0 0 8 1 3 (ftWEJBMOS h7^y^5Q 1 
*j^-C«. *sy-h«6l*Bl2 6«, »®y-M&#ll5 
2 5©«liiK:S iO,K2 0%iiftirSC<!:KJ:t). «V 

so [0082] r ft^%. n«8©»!»2 <o*mimmt. 
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&n&M<m®A 1 i.{5MB3bftm&A 2 im-* y y 

m&mmmA i <a*is*BrFr kittttt©m>y-- i- 

1008 3] 3 6tC. l&SBEEfflMOS F:?>S?X$»Q2 

Mosh^>^fQi©«»y-h«eit«2e©£« io 

j£f?*"C*S. H f S i O.JS2 1. H f 0,132 2&0< 
Hf SiO,JIS2 3©l»S**JStt, H2 6-02 8T7S 

[0 08 4] 

tftsRJg 1 ffi*S©¥*fcgS«{C*}l:r 6 h ^>i?* ZtCtol* 
tm*^rfl5fiK<**i-Cl.> y-t-ss. y-h 

s®»)a&a t ^i'*^®«)!p^*5y-b*i'^i'ft»jt zo 

[0085] ttiit-c, y- na»gi©±JsaB»y- h* 
«£ ©sit.f4*i(f «t *) & < . Titapwi' u 3 >sts 

[0086] *©*S5i. sfl^ i ittvmmmtimz, 30 

©<S«KC>TBjIIMi;©fg3l£[3 5Ci#T#*. 
[0087] ijJ^2ffi»©*a#8B© h v>i?X* 

3©*««Mii«©«««tKJ:tK i"; alibis 

«fc*)SiS$#iS<. J/ya>««&tfy-MSffi£©K 

smififp^j: o<£^T»aiso«±iia««: ; s-riy- h 

[0088] i»^3B3iB«S©4*«^SW. mKDh* 40 

>^xjr©y- hisaa8©jg/?*sg2©i--7>s>**© 

7>yx*=fem2©h^>^^<t*) <>5S«ffttfWfC 

( 0 0 8 9 ] K8©¥iSW8$iE©S8 1 © h 5 > 

#JS<,>ffi 1 -ft 3©SSI«(*tt«l!li«!:©fll»#jt«:<fc 
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[0 0 9 0 ] I^K. 3fi2©l-^>^;**«. 

•J a >«4fcI8«fc »3 t»gS«^iSt-»*4 ~3& 8 ©&§?«<* 

jftHWDauHtsic £ •) . ^ua >mtm*. n s»ss$«s 
.fcoiai^TBSisscxjjasii^wriy- ummzft.** 

[009 1 ] »3l^5iEi8©¥«<*«fi«. SB 1 SOSfl 
4©lfSgra<*ie»R. SP2SCJ £ »5©?«il*(*«»IS. 

atc^tcm 3 6 ©ssi*<*&£ig* -e n-enis!^ k. 
j&s-ractai-ct »&i«©ffii&<t*ig*c 

[0 092] C©#6W{C*WSSt##6K*S©¥«fiM£ 
-C. y- M&»Htti"J n^HMfcBJ: 0 *iW****c> 

©«***. y - h lese^i' y 3 ^Kfts-c^es-r ^ 
fet±«C« < ta^-r * C £ £ #-c # 4 . 
[00933 m^x. y- h*e««i©±8SBtty- n « 

£©Si6tt*i't J *ailJ: | 5ft< 3ntt,>Sfc6. ±^BP4 

y- hss£©»ffi5i£;* ■si»»t»sp£ ^ y a 
^*®T3^. *»o?+*iWt»©*+yr©^ttat«:fi 
[0 094] -t©^*. W;J»B6ge«8©¥9l«:KH<03K{ 

jt^atct-^r. d<y t"j3>4y- h*e£L<&«®. 

«8^©ffi:«S^lS)S»ff*IIJaBJ«g«t**f4^!S4*!ja 

[0095] §9#«7!fliR©¥a**«S©5lit:frft«. 
^ ^ ^ y Ca-1)~ (a-3) *si?f r 4 £ t » 5 J±8fcrtSW& to 
JIKiD, i/y3>UYI:lS«fc»3sS«***i«<. >ya> 
SteRtfy- h*ffi£©SJ^f4***SW: Dfit>TIB3B 
< &U t ±Jia84 : »-r * y- HMW*tt«»«*«:«M«: 

[0096] 8 8Et8©**f*^S©*liS*fiSi* . 

X^vy<a)4HtfLr. »l©h9>y^*©y-h 
«5!»J0i©fltW ; S:^2© b 5 >*J>Z #<D>f- 

»2©h7>i>x*<fc'3t> ia*mtifpi^tca o fcntitic 

-r4C£^-CtSfc«t>> l©h-5>^3' ; &A«H;S* 
fPfli tcSB 2 © h 5 > i> % * 5rfi«E»^ffl K Htt > ^© 

[0097] S9^9tet8©*«*SliB©SiiS^«. 

(a-l)~ Ca-4)%*tf -T i 1 1» ^ tk«W88 ^ft fill 
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[0 0 9 8] |3]ttiCL-C, Xir«,y<a-5)~<a-7)S:£tT 

r 5 1 j: >) . >>';a >mtm «t 
I4^**si5«fc o m,*Tmw&v±mws:G? s# 2 © i* 

C0099] jq*t. m 1 ~?&3 ©?sa*si**e»«©*£ 

BW^ff 4 M&6 ©«se*f«6Sgi©*aBJS £ 

**©m©y~h«i^©^*t&RK©ra*#. * 

2 © h ^ > ^ * *©8 2 ©y- h «M*St©KJS «fc 9 J* < 

[0100] mm 1 0 £«©¥*<«£»©»>&#*£ 

s. 

[Bffi©®^^] 

[a 1 3 c©*s93©iefc©^.« 1 -c*4¥i»«*ia-c 

ffil^ti&MOS h^>i?;0©fltjiS>S:nV*'tK®B"C* 
[a 2 ] 2?*6©SJ8 1 ©ISBi^'&^riRliBTft 

*. 

[S3] 1 ©SSifi^'fe^Brtaa'C* 

[ a 4 ] *te©»5ffi 1 ©«i»^4^-r wb® -e* 30 

[as] j§fe©^as 1 ©*ya^=£^-r Kaaiar* 
■5. 

[ 0 e ] n»©^.« 1 ©smb^s*^*- waa^ * 
a. 

[ a 7 ] ^as©»« 1 ©ssBS^^^^waar* 

{ a 8 3 hj«©jb.« 1 ©»®^4^KfflB-c* 

[a 9 ] ntt©fl*ffi 1 ©m^^^Ksar* 40 
•5. 
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